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.A pupil*s experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at which most stu- 
dents first gain the ability to study science in a really organized way. 
Here^ too» the commitment for or against science as an interest or a 
vocation is often made. t 

Paradoxically, the students at this critical age have been the ones 
ipast affected b^ the recent effort to produce new scienqp instructional 
materials. Despite a number of commendable efforts to improve the 
situation, the middle years stand today as a comparatively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school sciejice courses. This volume ^ 
and its accompanying materials represent oAe attempt to, provide ^ 
sound approach to instruction for this relatively uncharted level. 

At the outset the organizers of the ISCS Proje6t decided tl^at it 
would be shortsighted and unwise to try; to fill ^e gap in middle 
schbol science education by simfrty writing another textbpok. We chose « 
instead to challenge soifie of the most firmly established concepts 
al^out how to teach and just what science material can and should 
taught to adolescents. .The ISCS staff have tended to mistrust what 
authorities believe about 'schools, teachers^ children, £^id teaching until 
we have had the chance to test these assumptions in actual classrooms 
with rejal children. As conflicts have^ arisen, our policy has been to rely 
more upoa what we saw happening in . the schools than upon what 
authorities said could or would ^apperi. It'is largely because of this 
policy that the iSCS materials represent a substantial departure from 
the norm. * " ^ " 

The prjmary difference between the ISCS program and more con- 
ventional approaches is the fact that it allov^s each student^o travel . 



at his own pa<;c, and it permits the scope aftd sequence of instruction 
to vary with his interests, abihties, and background. The ISCS writers 
hav* systeftiatically tried to give the studeni more of a role in deciding 
whajt he should stydy next and how soon he should study it When (iie 
^^II^alSJals-^^4ised-«&-imeftded;-^hc^Ses^t^^ 
"task easerV than a "task mastfer/' It is his job to help the student 
answer the questions that arise from his ovyn study rather than to try 
to anticipate and package what the student needs to know. 
. , There is hoihing radically new in the ISCS approach- to instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education. ISCS has tried to do. somethiiig mortf 
than pay lip service to this goal. ISCS" major contribution has been to 
design a system whereby an average teacher, operating under hormai 
constraints, in an ordinary classroom with ordinary children, can in- 
deed give maximum attention to each student's progress. ^ ' 

the developnient of the ISCS material has been a group effort from 
the outset It begail in 1962, when outstanding educators met to dedde 
what mighf be done to improve middle>grade science teaching. Tfiit 
"recommendations of these conferences were converted into tt^fentative 
plan for ^ set of instructional materials by a small group of Florida 
State University faculty memtiers. Small-scale writing sessions con- 
ducted on the Florida State campus during 1964 and 1965 resulted in 
pilot curriculum materials that were tested in selected FKjrida schools 
during the 1^65-66 school year. All this preliminary work was sup- 
ported by funds generojisly provided by The Florida-^te Univeraity. 

In June* of 1966. financial support was provided by the United States 
Office of Ffiucation. and the preliminary effort was formalized into 
the I3CS Projeo^ Later, the National Science Foundation made sev- 
eral additional grants' in support, of the ISCS effort 

The first draft of these materials was produced -in 1968^during a 
summer writing conference. The cojjferees were scientists, science 
educators,, and junior high school teachers drawn from all over the 
United States. The original materials have been revised three times 
prior to their publication in thi? volume. More than l50 writere have 
contributed to the materials, and more than 180;0p0 children, in 46. 
states, have been involved in their field testing. , 

We sincerely hope that the tQachers and students who will use this 
material will find Uiat the great amount of time, "money, an<^ effort 
that I)as gone into its development has been worthwhile. ' 



Tallahasscc.^orida* The Directors ' 

February 1972 intermediate science curriculum stody 
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The word science means a lot of things. All of the meanings afe ^right, 
but iTone are complete. Science is many things and is ^lard to de- 
scribe in a few w^rds. ' 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these things instead of 
describing them with words. The book describes a series of things for 
you to do \and think about. We hope that what you do will help you 
,learn a good deal about nature and that you will get a feel for how 
scientists tackle problems. 



flow is this booh different from other textboolcs? ^ 

This book is probably not like your other textbooks. To make any 
sense out of it, you must work with objects and substances. You should 
do the things described, think abouti-them, and tlien answer any ques- 
tions asked. Be sure you answer each question as you come to it 
^ The questions in the book lare very important. They are asked for 
three reasons: , ' 

1. To help you to think through whaj you see and do. ' 

2. To let you know whether or not you un^^rstand what youVe done. 

3. To give you a record of what you have done so diat you .can'" 
use it for review. 

. <^ . .. 

Hoi^ win your class be organized? ■ % \ 

Yyur s(fience class will probably be quite different from y6ur other 
classes. This book will let you start work with less helfi^than usual 
.from your teacher. You should begin each day's work where you left 
off the day before. Any equipment and supplies needed jvill be wait- 
ing fpr you. . : .' ■ ' 



Your teacher will not read to yoil or tell you the things that you are 
to le^: Instead, he will help you and your classq^atcs individually. 

liy to work ahead on your own. If you have trouble, first try to 
solve tbc problem for yourself t)on't ask your teacher for help lantil 
you really need it. Do n9t expect him to give you the answers to the 
questions in the 'book. Your teacher «fiUuy To tietp-yimiind where 
and how you went wrong, but he will not do youf- work for you. 

After a few days, some of your classmates be ahea4 of you and 
others will not be as far along. This is the way the course is supposed 
to work. Remember, though, that there will be no prizes for finishing 
first Work at whatever speed is best for you. But be sure you under- 
stand what you have done before moving on. . . ' . 

Excursions are mentioned at several places. These special activities 
found at the back of the -bo6k. Vou may stop and do an^* excursion 
that looks interesting or any that you feel will help you. (Somd ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teacher may ask you to do an excursion. 
* ' > . 

What «m I «xp^t«d to learn? . - 

» ■ • . • •• ■ 

Quring the year, you will work very mych as a scienlist does. You 
should Icam a lot f of worthwhile information. More important^ we 
hope that you will learn hdw'^to ask and answer questions about 
nature. Keep in mind that lear^in^' how to find answers to'questions- is 
just as valuable as^ learning the answers fhentselves. 

keep the big picture in mind, too. Each chapter buii4s on ideas 
tftrcady dealt wiUi. These ideas add up to some of tjie simple ^ut 
powerful concepts 4hat are so important ih science* If you ajre given a 
Student Record Book, do all your, wnuhg in it Do not write in this 
boofLfJscyont Record Book for makirigerjaphs^ tables, and diagrams, 

^too. : / ^ ^ ^ . \ . • ^ 

Ffom time t6 ijmt you may notice that your classmates have not 
always given the same answers* Hhat you did. This, is no cause for 
wony. Thoce are m^ny right answers to some of the questions. And 
in some cases yoii may not be able to answer the questions. As a 
qiatter of fact, nd^one knows the answers to some of tjiem. This may 
seem disappointing to you at first, ljut you will «odn realize 4hat there 
is muchSyhiat science does not* know. In this course, you will le^ 
softie of the things we don't know as w^ll as what i§ known. Good luck!. 



The Road Ahead 



Chapter 1 



Some people have big ears. Some have big noses. Some have 
dark skin; some, hght. Most are honest; a few are not Some 
-arc friendly; some^ unfriendly. Many must wear glasses; 
others do not. About the only common chara9teristic of peo- 
ple is Umii lack of sameness — they are all different. 

Variation is common throughout nature. The weathei; 
changes almost, constantly, the position and appearance of 
the moon vary, and not^aJl parts of the earth look the san^. 

01-1* List any things you can U^ink of that do NOT vary. 

Variation prfeents many problems for science. The greater 
the variation, the greater the problem. In order to make sense 
out of almost any study^ a scientist must have s6me means 
of handling the variation he finds. 




The investigations in this book will help you understand 
van&tion better Most of the investigations will done oia 
human beings. Obviously, humans vary; we already know 
that But the big questions are ^^How do humans vaxy?^^ and 
^How do we ipeasure hum^ variation?^^ 
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These are not easy questions to answer, li^fact, some of 
the most difficult of all measurements in science have to do 
with human variation. If you have been in the ISCS course 
before, many of the techniques you used for stud3^ng energy 
and matter will apply here also. But you^Jl come face to face 
with some quite different problems too! You will soon dis- 
cover that s'etting up and doing experiments involving hu- 
mans 4S much harder than working with chemicals or force 
measurers. Scientists are still trying to invent better **rulcrs** 
for measuring humans. 

In the* following chapters, you will be studying different 
human, characteristio^. It will be up to you to try to m^ke 
sense out of the measurements you take and to relate one 
se.t of measurements to another. 

You should ask yourself continually **Is there any pattem 
in what I have observed; and, if so, what is it?*' Scientists 
x:ontinually search for patterns in what they study. **Is there 
a pattern to the weather changes, to the movements" of ob- 
jects through space, and to the growth of living organisms?** 




Much of the real work of science iS in this activity of 
seeking out patterns. Some of that work will involve mathe- 
matics. In fact^ mathematics has sometimes been called the 
"language of science*** 



LEFTY OR R1GHTY7 



2 CHAPTER 1 



Most peop^ are ,either right- or left-handed* But you proba- 
bly know someone who can use both hands quite well You 
may know others who Use a different hand for difi^rent 
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things. Perhaps they wnte with one hand and throw a ball 
or cat with the other. You can't very ^Yell call such people 
cither nght- or left-handed; can you? Let's begin studying 
• human variation by looking closely at "handedness." 
■ Let's sec if we can find a good way of deciding about a 
jicrson s handedness. The best way to do this is to find a 
way to measure handedness. The hext acitvity will show you 
a way to do this. o j j 

Open .y6ur Record Book to page 1, where you will find ' 
a page full of zeros. Then find a partner. You wjU also need 
a clock or a watch with a-'second hand. 

ACTIVITY 1-1, Have your partner cross out as many of the 
Jteios as he can In 30 »econdi, using his right hand. Then 
have him repeat, musing his left hand, in Table 1-1 of your 
Record Book, record the number of zeros crossed out with 
•mch hand. Then have hlm^me you while you cross out zeros 
with each hand. 
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Number of Zeros Cr6ssed Out 


Handedness 


Partner 


Right 


-. 




Left ^ 


i 


seir 


Right' 
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CHAPTER 1 3 
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By companng the luimber of zeros crossed'out with each 
hand, you can decide whether you are right- or lefi-haadcd. 
But yoM can do better than that! You can get a fair measure 
of how much handedness you have. All you have to do is 
divide the larger number of zeros that you crossed out by 
the smaller number. Let's assume that you crossed out 30 
zeros with your left hand and 20 zeros with your right han<f 

First divide the larger number (30) by the smaller number 
(20). 

y 

1.5 Left 
20)30.00 
20_ 
100 

) 0 

Then write either "Left" or "Right" after your answer. Which 
word you write depends upon which hand crossed out more 
zeros. " ... 

*In the example, the left hand crossed more zeros (30 to 
20), so the word "Left" appears after the answer, L5. The 
numb^r-and word ( L5 Left in the example) is your hafldedness . 
and should be entered in Table I - 1. Your partner's handedness 
should go there too. 

The larger the number from yc^ur handedness calculation, 
the more strongly handed you arc. For example, if your 
handedness calculation is "5 Right," you are five times as good 
with your right hand as with your left. A "2.5 Left" handedness 
calculation would mean that you are two^d one half times as 
good with your left hand as with your right 

□1-2. Suppose someone had a handedness measure of 1. 
What would this mean? 

□1-3. Why is there no "Left" or "Right" written after the 
1 in question 

Well, you now have a measure of your handedness. You 
can begin collecting information about the handedness of 
your other classmates. Record the data from nine other teams ' 
in Table 1-2 of your Record Book. 



This first activity has shown* yo^ hovt to describe one 
human characteristic scientifically, ihc trick is to find some 
way of measuring many other features or traits. The word 
handedness probably took on a new meaning for you when 
you learned ^the crossing-out-zeroes test. You now have a 
numeriq^l way of comparing your handedness with someone 
else's. 

If you have worked in the ISCS course before, you know, 
the name given to this way of defining things by desc^bing 
how to measure them. It s called operationally defining. M^y 
terms are not clear unless they are operationally defined 

Suppose you were asked what body temperature is. You 
might say: **Place a thermometer under ^our tongue. Wait 
about five minutes. Remgve the thermometer and read the - 
nuipber at the top of the column of mercury." This is an 
operational definition.' It tells how 'body temperature^ can be 
measured This is quite different from saying that tempera- 
ture is "how hot something is." * 

Sortie words can be defined by telling what an object docs 
(a haflimcr is something that drives nails). Describing their 
appearance works for others (a tree h somethin^^ with leaves, 
a trunk, etc.). But many words, partioularly in science, just 
can*t be* handled this way. When you Come across one of 
these y^rds, try making an operational definition for it The 
meaning will often become suddenly clear. 
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□1-4. What makes a statement an operdtional definition? 
.Q1*5r Write an operational definition of handedness. ^ 

Tp male* art operational definition, there arc really two 
questions mat you might ask: 

1. How can I tell when I have, some? 

2. How can I tell ho^^f much I ha^e? 

Sometimes it is possible to answer the first question J[>ut 
not the second. When this happens, you have to setde for 
describing how to tell when you have some of the charac- 
teristics in question* 



Now take a look at Figure M and notice the three boys. NOW YOU SEE IT. 
Your problem is to decide just^ by looking at the pictiire NOW YOU DONT 
which boy looks tallest and which looks shortest 




• ** - *^ » . . 

pi-S. Which boy in the figure (A, or C) looks tallest and 

which looks shortest to you? CHAPTER 1 7 



Now check your answers to question 1-6 by measuring 
^ with a ruler each boy*s hei^lu in centimeters. 

c Throughout this unit, most measurements arc to be made 
in the metric system. If yoiyieed to review the metric system, 
I ^K^ii] Ut^ '^•]k^ ^ Excursion 1*1, **Measuring— Mostly in Metric/* 

Next look at Figure 1-2. Try to decide just by looking, 
whether line AB or line BC is longfcr. Then check your answer 

by- measuring the two lines. 
A - 



B 

□1-7, Which looks shorter: line AB or line'SC? 



YouVe probably seen optical illusions like Figures 1-1 and 
1-2 Before. The way the figures are drawn makes it very hard 
for most people to judge lengths accurately. The artistes, trick 
is to surround the important part of the drawing with lines 
t^at distract your attention.^iZlompare the lines AB and BC 
in Figure 1-3 with those in Figure 1-2. You can see that the 
background lines make a great 'difference.' 



FIgur* 1-3 



a CHAPTEft 1 



^ Suppose you were asked to describe by how much you 
had misjudged th> lengths of the lines? Or suppose you 
wanted to find out whether your dassmates misjudged the 
distances by the same amount you did? How would you 'do 

it? ■ \ ^ ' ' 



One device used to measure how much an illusion fools 
people is called an illusion card. Figure 1-4 shows whit the 
illusion card that you will use looks like. As soon as you 
get a partner and pick up ah illusion card, you are ready 
to measure how. much illusions^fool people. 



MEASURING ILLUSIONS 









M ■ 







ACTIVITY 1-2. Try sitting the two^arts of the illusion card 
In and out. No|{se that tfft shortens and lengthens one of 
the lines on th'e card. 



7 

Figure 1-4 

. 3 



In 



4— 4>>+°< 



Out 



<: 



ACTIVITY 1-3. Adjust the card until the two lines look the 
same length to you. Then measure to find out if the lines really 
•re ttie same length. 



14— »>+=<■. 



ni-^. Were the lines exactly the same length after you ad-^ 
justed the card? 

□1-9. If not, by how many millimeters, ^id Y®" misjudge? ' CHAPTER 1 9 
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As you have now seen, the illusion card gives you what 
you were looking for — a way of measuring how much some- 
one is fooled by an optical illusion. Now use the card to 
test your pi^tncr. Follow the suggestions in Activities 1-4 
through 1-6. , 

ACTIVITY 1-4. 8, the subject should stand least two meters 
in front of E, the experimenter. Let E hojkl the card so that 
he can see the scale on the t>acic 




ACTIVITY 1*5. E should make the movable line as shpit as 
possible. Then gradually he should lengthen the line. Have 
S say ''Stop'* when the two lines seem to be the same length. 



Slide the . 
movable tine 
to the shortest 
position. 



ACTIVITY i^. E Should read the siDate on the back of the 
card as shown. Recordt beside Partner in the Going«oiit col* 
umn of Table 1«3 in your R<^cord Boole, how many mlllimeleffe 
too long or too short your partner's guess was. 



Sample reading: 
3.7 cm 



NG 



m 3 2 1 



iiiiii iiiiititi liiiiiai iiiiiiiii iitiiitii iiiiiiiii iiiiliiii \mm 



TOO SHORT . 



2 3 4cm 
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ACTIVITY 1*7. Mako the movable line as long as possible and 
show It to yoiir partner. Then gradually shorten the line. Again 
have your partner say **Stop" when the two lines look to him 
to be the same length. 




Slide the 
movable line 
to the longest 
position. * 



Read the scale as before recprd your reading in the 
Going-in columii of Table 1-3. Then repeat the experiment^ 
with your partner holding the card and you doing the guess- 
ing. Record your data beside Self in Table 1-3. 

To complete Table 1-3, you will need - Going-in and 

* ^ ^ Going-out readings on 18 of your classmates. If enough 

classmates have made their measurements, you can get those 
^ now. If not, get as mqny readings as you can and go on to 

the next chapter. You can complete the table later when 
more data are available. 
■ As you learned earlier^^is unit is aimed at helping you 

learn how to describe and compare people^s features by using 

• measuremenWl In this chapter you've learned a way of 
^ me'asuring two rather unusual features — handedness and 

judgment of optical illusions. 

In the next chapter you will study other variations among 
, people. Vou will also begin* trying to compare some of the 
♦ measurements you make, aod you will try to interpret what 
the measurements tell you. As a preparation for that chapter^ 
try to use the information you have put into Table 1-2 and 
* • Table 1-3 to answer these questions. 

^ OI-IO* Arc more pwple in Table 1-2 left-handed, or right* 
handed? 

What is the average degree of leflt-handedness? of 
12 CHAPTER 1 right-handedness? 
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□ 1-12. What is the. average Going-out reading shown in 
Table 1-3? 

1-13. What is thfi average Going-in reading shown in 
Tabic 1-3? 

V 

B«(ora Qoing on, <to Setf-E valuation 1 In your Record Book.. 
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CHAPTER 1 



Tallies and Tables 



Chapter 2 



There arc hundreds of human features, characteristics, and 
traits that have b^m described. You have looked at a couple 
so far. In this chapter you will encounter some others to give 
you a better feel fpr how to investigate human traits and 
how to handle the data you collect UVs look first at the 
feature called "cyedness.v" s 

• Icm 




ACTiyiTY'2-1. Fold a sheet of 'noteboo|c paper and remove 
m wniiil semlclrc(e from the center. 





ACTIVITY 2-2/Uf#Dld the paper and hold it at arm's length.' 
Wnn both eyes open, look through the hole at some distant 
object. Now without moving your head or eyes, observe th^ 
objw:! with your left eye only. Again without moying head or 
•9—, look with your right eye only. Be sure not to move the 



IS 



If you could sec the object through the hole in the paper 
with your right eye closed, you are left-eyed. If you were 
able to see it with your right eye^open and left eye closed, 
you are right-eyed, 

□2*1 • Are yw right-eyed, or left-eyed? 

Test a Tew of your classmates to "find out if they '^rc left- ■ 
or right-eyed. Eacb time you find a left-eyed pcu^on, put a 
check mark (/) iii_lhe_Iefi-eyed tally Hne of Table 2-1 in 
your Record Book. Check the right-eyed tally line whenever 
you find a right-eyed person. 



Table 2-1 



Eycdncss 


Tallies (checks) 


Totals 


Right 






Left 




* 



• From-time to time in this unit, you will be asked to do 
problem breaks. These are problems for you to solve,' without 
much help from your book qr your teacher. The problems 
will usually help you understand what you are studying in 
the chapter. But that*s not .their major purpose. They are 
designed to give you practice in problem solving and in 
setting up your own experiments. Yon should try every prob* 
lem break — even *the tough ones. And in most cases, ygu 
should have your teacher approve your plan before trying 
it. The^first problenv break in this unit is conyng up ne^t 

■ ■ 

PROBUM BREAK 

When you studied the "handedness** trait, you fotind a way 
of measuring how much left4iandedness or right-handedness 
a. person has. Now, suggest a way to mfeasUre the amount of 
right<» or left-eyedness. Check your plaii with your teacher. 
Then, if it is okay, try it out^ Record your data and observations 
in the space provided in your Record Book. 



How quickly can you react? That's an awfully important 
^question in some situations. How quickly the brake is pushed 
by a driver often determines whether an accident will hap- 
pen. The difference between a stnke and a home run is a 
matter of quick reactions and quick responses^ So are a lot 
of other things. 

In the next activity you will try to operationally define your 
reaction time. After that, you will measure your partners 
reaction time. You will do this with what we call the "Grab- 
biness Test" To make the test, you will need a partner, a 
meterstick, and a srhall piece of tape. 

^ Tape 



Ocm 



HOW QRABBY ARE YOU? 




20 cm 



ACTIVITY 2-3. Place a piece of tape at the 20-ciii mark on 
the meterstick« ' \^ 



In a moment you will have your partner hold a meterstick 
as shown in Figure 2-1. He will release it, and you will try to 
catch it before it hits the floor. 

Activity 2-4 shows you how to prepare to catch the meter- 
stick. You will use the same technique each time ii is 
^dtopped. 



ACTIVITY 2-4. Your flnger and thumb ^nhould be positioned 
at the tape strip around the stick as shown. Finger and thumb 
should be far enough away from the stick to allow a pencil 
to pass on either side of the stick; This should be the starting 
position for each trial. 

Forefinger 

Meterstick ^ 




Thumb 



Figure 
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I 



Mold the stick 
at the lOO-omend. 




ACTIVITY 2-5. Have your partner hold the meterstick as 
•hown. He should then drop the stick with no warning. When 
he does, cetch the stick without moving your arm* Practice 
this a few times, until you get a feel for how It Is done. 



Place your 
fingers at 
th9 20-cm mark, 
ready to catch 
me stick* 



ACTIVITY 2*6. When you are ready to make your measure^ 
ments, have your partner dipp the stick one more time. TMs 
time, notice whefe your thumb Is after you catch It 




. □2-2. Which number on the stick did your thumb cover? 

* (If two nuinbers were covered, record the smaller of the two.) 

Repeat Activities 2-5 and 2-6 five more times. Record all 
six of your measurements in Table 2-2 in your Record Book. 

Comf)lete the Self row of the table by finding th^ average 

^ of your measurements; If you aren^t sure how to find an 
average, turn to Excumioh 2-1 for help. 



3i 



1 



lWil« 2-2 





Trial I 


TnaJ 2 


Tnal 3 


Trial 4 


Trial 5 


Irial 6 


Average 


Self 
















Partner 

















A 



- Change places with your partner and repeat Activities 2-4 
through 2-6, Again record data for your partner in Table 2-2 
in yolfir Record Book- 
Place a mark for your average grabbiness measurement 
in the appropriate Tally row. of Table 2-3. Then do the same 
for your partner*s average grabbiness measurement. 

■ A, 

(V 

Tibto 2-3 



Average Grabbiness 
Measures 


Tally 


Totals 


25-34 






35-44 






* 45-54 ^ 






55-64 






65-74 






' 75-84 






85-94 


1 




95— 







Your next problem is -to find the average grabbiness meas- 
ure for at least ten more people. You can test some of your 
H classmates during class or share their data. You may also 
ask yoiir tcacU^^r if you can take a metei^tick home one night 
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HI! WHAT '3 
FOR SUPPER? 
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You can then measure the grabbiness of friends or members 
of your family. When you' have made your measures and^ 
calculated the averages, put marks in the Tally rows of Table 
2-3. You should end up with at least 12 tallies including yours, 
and your partner's. Gel even more measures if you have 
time. 

PROBUEM BREAK 2-2 

Thus far in this chapter, you have been dealing largely 
with the sense of sight- You grabbed the meterstick when 
you saw it drop. The distance the stick passed through your 
hand is actually an indication of elapsed time. Desigii and 
carry out an experiment to answer the follo>ying question: 
Do you react faster {or slower) to a sudden sound or touch 
than vou do to a visual {sight) stimulus? HINT: Be sure that 
the subject has his eyes closed during the sound-touch experi- 
ment. ■ \ 

Do not spend more than ,one class period investigating 
either the sound or the touch (tactile) sense, "Record yotir. 
experiments, findings, and conclusions in your Record Bpok. ' 



Take a look at fhe way Tables 2-1 and '2-3 aj^e set up. Al- 
though the two tables are similar, there is one big dfflference. 
Gan you see what it is? 

□2-3. What is the major difference between the way Table 
2-1 is set up and the way Table* ^^-3 is set up? 

Question 2-3 shouldn't have been too tough. The big 
difference between the tables is in the jiumbenof rows. There 
are eight rowsinn the grabbiness table and only two rows 
in the eyedness tabl^. / . < 

^: • " ^ - 

Why was it necessary tb have eight rows on the grab- 
biness table and only two rows on the eyedness table? o. 

□2-5» Suppose you made a table for keeping jtrack of how J 
many boys and girls were in a class. How niany rows would 
you need? . / 

□2-6. Suppose you wanted to keep track of peoples* heights. 
How many rows might you need in a table for this? 



The last three questions deal with an important point. 
There are only two po^ible varieties of some human fea- 
tures, such as sex and eycdness* But others, like height or 
weighty vary much more widely. The features that come in 
only two varieties are called either-or variations. Those that 
vary more widely are called continuous variations. 

□2-7. Turn back to Table 1-3 in Chapter 1. Do the data 
in that table suggest that being fooled by optical illusions « 
is an either-or feature? 

□2-8. Do the data in Table U2 of Chapter 1 sUggeM that - 
handedness is an either^r feature? 



As you have learned, the first step in understanding the way ORQANiZlNQ VARIATION 
human features vary is to find some way of measuring the 
features. That is, to find a way of operajUonally defining the 
feature* 

% 

□2-0. In your Record Book, write an operational definition for 
each of the following: 

1« fleaction to optical illusions 

2. Eyedness - 

3l Reaction time (grabbiness) ^ 

If you had difficulty in writing these operational defini- 
tions, reread the section following Table 1-2 in Cliapter L ' 
Your own definition there of handedness should help. » 

There^s more to understanding variation than operation- 
ally defining terms. After you have measurement data, you 
must analyze them. And this means you must arrange the ^ 
data for easy analysis. One way to do this is to make a table * 
like Tabic 2-1, 2-2, or 2-3. Look at each of them again care- 
ftiUy. Then examine Figure 2-2. 

L Flguiii2-2 



r-T^^ 1- 

Eyedness " 


Tallies (checks) 


Totals 


Right 


— 




Lttt 

C 


— i 





f 
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Now try your hand at making a table of your own. Sup- 
pose you want to know how many seventh-, eighth-, and 
ninth-grade students are m a school. You arc to construct 
an appropriate table for collecting and organizing the data 
you need. Use the space in Figure 2-3 of your Record Book 
for making the table. When your table is finished, compare 
it with a classmate^s or have your teacher check iL o 
. Until now each human variable, such as handedness^ cycd- 
ness; or reaction time, has been treated separately. But suppose 
you wanted to collect data on two or more variables at the same 
time to see how those variables are related. How would you 
organize the data you might collect? 

For example, suppose you wanted to find out how many 
students in--class owned a guitar; and, in addition, you 
wanted to know how many of the guitar owners were boys 
and how many were girls* 

In your Record Book, design a data table that you- 
would use. Be sure you can record data on both variables 
in the same table. Have your teacher check your table design 
before going ahead. 

□2-11. In designing the table, did you consider whether 
the variables are of the either-or type? Are they? 

Your table probably looks something like the sample 
shown in Table 2-4. (Marks have been included in the table 
to illustrate how it can be used*) 



\ 


OWN OUITAJl 


Yes 


No 


Bay 


/// 


mj mj 

« 


Girl 


m/ / 





Table 2-4 could be used as you collect data. Each tally 
or mark you place in the table will fell you two things about 
- the person— the sex of the person and whether or not the 
person owns a guitar* 

: ■ I ■ ' ' 



""""^ ""P'' "0> own 

at-tX How many girls do not own guitars? 

are some>,me5 called m«/„.a.,«*fe 
tables Some people also call .hem comingency lablei o7ht4 
refer to them as con-ela,io„ tables. Whatever 4ey are cZd 

mff. And they help you see how vaKables.are related If 
^^^""^"^ yoUxm, I ™ Volume 2 of isjs Wve 

Umktnd of table, take a look at Excursion 2-2. 

*u" • 8''»™"'ee Ihat it will tell you if there's anv 
relauonshtp between the number of left-Ld swagdeba^ 
and how onen tt rains in Sopchoppy. Bu^ it Im^^ve vtt 
a chance to uy your hand at sotne oS interestutg pfoWe^ 



PROBLEM BREAK 2^ 

1-.™°!; '° P""" everything you've 

IZ'^l r'"'""^ "S^i-ng data iSluIn^ vari 
Til '° 'he t^o quesUons given below 

to tmswenng you are to collect data on at leasf 20 p«pk 

«~<1 m tables you've already made, you should use thW 

.1. Is .there any corpclation between sck and reaction time 
in students of /out age? ^acuon ume 

^ t^"" ^7 correlation between handedness and eyed- 
nessmgirlsof your age? eyea 

t.WvV*'"?T ^he tables, an^^wer the ques- 

n^h^ther'^''' ^^"^ "'^ ^^«^her. He will te 
you Mfhether you are r^ty to go on to the next chapter. 

Bolnfi on. do Sel^Evaluatlon 2 In your Record Book. 
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Home on the Range 



Chapter 3 



In the last chapter you learned that people have both 
••ctthcr-or** features and '^continuous variation" features. 
Now let's see if you can tell something that's either-or from 
something that varies continuously. Take f tareful look at 
the word pairs listed below. 



heads or tails 
up or dowi» 
hit or miss 
back or forth 
rain or shine 
hot or cold 
poor or rich 
war or peace 
big or smMl 
boy or girl 



-young or old 
open or shut 
day or night 
push or pull 
straight or curved 
sad or happy 
stop or go 
empty or full , 
soft or hard 
wet or dry 



solid or liquid 
wide or. narrow 
smooth or rough 
do or don't 
good or ba4 
high or low 
right or left 
better or worse 



1 



□3-1. From the above list, choose four word pairs that are 
"cither-or** situations. 

□3-2. Choose four word pairs that are "continuous varia- 
tion" situations. 

□3-3. Describe briefly how you chose the word pairs to 
use in your answers to question^ 3-1 and 3-2. 

If you had trouble in answering questions 3-1, 3-2, or 3-3, 
then you had better turn back to Chapter 2 and read it again. 

' 3S 
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BETJER PICTURES OF TABLES 



In Chapter 2 you collected data on the way people vary in their 
grabbincss (reaction time ). You summarized your data in Tabic 
2-3 of your Rej^ord Book. A look at that tabl^ should tell -you 
several things about people's reaction time. However, there is A 
probably a lot more information in Table 2-3 than you think. 
This chapter will help you sec ways of getting as much infor- 
mation as possible frorh data you collect on human features— 
particularly those of the continuous variation kind. 

Figure 3-1 shows the grabbiness data for some ninth-grade 
students in Florida. Notice that the data have beep put into 
a set of vertical columns. The height of each column tells 
you how many individuals grabbed the meterstick at each 
of the different marks shown. This kind of graph is called 
a histogram. 




Hgur* 3-1 
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45 55 65 75 

Centimeter mark grabt>ed 



65 



95 



□3-4. According to the histogram, between which two centi- 
meter marks was the meterstick most often grabbed? 

□3-5. How many ninth-grade students are represented by 
the complete histogram? • 

Check your answers to questions 3-4 and 3-5 by turning 
to Excursion 3-1. Don't go on unless you are sure that you 
kriCw what the answers should be and the reason for those 
answers. 



3.V 



As you wilJ.j»oon sec, a histogram is often more useful in 
organizing data than a table is. A httle later yo^ will be asked 
to make some histograms of your own. Let's pr#lictice a little 
at doing this to, be sure that you will be ready; 

In your Rc5:ord Book you will find an axis like tKe one 
shown in Figure 3-2. that axis and the data you have 
already put into Table 2-3 in Chapter 2 to make a histogram 
of the grabbincss d^U. you have coUected. . 
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To be sure that your histogram is cortect, have your ^ 
teacher check it. To d<5 this, your teacher must see your data 
from Table 2-3 as well as your histogram. 



Flgur« 3-2 



One,of the problems in sciencci and in the rest of life, is that 
a single word may have more than one meaning. Think of the 
word range, for example. To some people, range mcafls a grassy 
area where buffalo and antelopeNroam. To others, it means a* 
cooking stove.. Still others migjiit pictUfe*a rifle-range or a 
mountain range. . 

Let*s take anpther example and consider the word mean. 
**She*s a mean oXd lady." "I've been meaning to do that." 
"What does the word meanT "He plays a mean ganfc of 

golf." • - - 

. The terms range and mean ara both used in science and 
wiU be used in this unit. For this reason you need to know 
their scientific meaning. 



MODE, MEAN, AND RANGE 
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If continuous variation' features are measurable, these 
measures spread oufdvcfr a wide set of numbers. For exam- 
ple, height IS a continuous variation feature. Measuring the 
height of several people would give you a set of numbers, 
m this set there would be a smallest and largest measure 
And. of course, there would be other measures between these 
, two. 

Range as it is used in this book means ''the number of 

units between the smallest and largest measures in any set 
of measm-es." 

To find the range of a series of measurements, you subtract 
the smallest measure in the set fr^m the largest. For instance 
m Figure 3-1, grabbmess measures are shown along the bot- 
tom of the graph. The range for this set of measures is 70 cm. 
Here is how you get it 

Largest measurement - Smallest measurement = Range 
95 cm _ 25 cm = 70 cm ' 

03-6. What is the range for the set of grabbiness measure- 
ments that you recorded iYi Table 2-3? 

□3-7. Give an operational definition of the word range ,. 
Now what about mean? This word means the same as the 
' ^ • Average ^^^^ "^"^ ^^""^^^ ^"^'^^^ call the 

defined""^^ ^""^ ^ measurements can be operaUonaUy 

* Mean == Sum of all measurements 

Number of measurements 

- □3-8. Calculatfthe mean of the following measures: 28 cm 
84 cm, 100 cm? 52 cm, 13 cm. 66 cm. . 

J J^Kiiij ^ 1 f " ""^.^'^^ "^^^n for question 3-^ is found, ' 

A r turn to Excursion 2-1 v "On t|ie Average/* for more help, 

□3-9. What would you have to do to find the mean for the 
■ ■ measi^-ements you recorded in Table 2-3? 
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Another characteristic of a sit of measurements with a 
contmuous variation is the^o^e. Mode means 'Uc one 
measurement in a set that o^g urs most frequenUy 



□3-10. In Table 3-1. what is the mode for the data set? 



TibI* 3-1 
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Shoe Sizes for 
Tcen-agc Boys 



6B. 7A. 78. 6E, 9A, 9A. 
8D. lOB, IID, 9AA, 12D. 
148."^ 108, 7A. 8D. %C, \0^B, 
^, 9iD. 9iC. 118, 12AA, IOC, IOC, 
^C. lOD, 9JC, nD, '9JC 



X 



k 



I 



□3-1 1* Can you find the mode your data in Table 2-3? 



In Table 3-1, the shoe size that occurs most frequently is 

Thus, the mode for the data set is just that, S^^C. 
The mode for the data set you graphed in Figure 3-2 
djfpends on your own set of measures, .(i.e., your data from 
able 2-3). I 




Patterns ^n data are not always easy to see. Sometimes ^he- 
range, mean, and mode help you see a patt,em. Sometimes, 
to iad a pattern, data have to be organized. 

□3-12. Table 3-2 gives the weight (in pounds) of a group 
of ninth graders. What is the range, the mean, and the mode 
tor these data? 

I 1kbl0 3-2 



RNDINQ PATTERNS 
BY GROUPING 



Weight (lb.) of a Group of Ninth Graders 



97 


106 


133 


65 


142 


97 


93 


140 


105 


156 


110 


no 


114 


72 


102 


118 


104 


124 


75 


112 


60 


99 


88 


115 


107 ^ 


125 


169 


110 


138 


158 


123 


81 


122 


127 


107 


138 
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FIgurtt 3-3 



. Figure 3-3 shows the data from lable 3-2 arranged in the 
form of a simple histogram. 



1 



Xi 
c 




®° ^ '° 80 86 90 95 100 105 110 115 120 125 130 135 140 145 150 165 160 165 170 

f J\/elQht(inlb) ^ , ^ 

Grouping data can make a pattern more evident. Figure 
3-4 shows a histogram of the data from Table 3-2. This time^ 
measurements have been grouped into five-pound intervals. 
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Now look at a histogram made by grouping the entries 
into ten-pound intervals (Figure 3-5). Notice how the data 
take on a sort of mountain-shaped pattern. 



Figure 3-5 
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Arranging data in histograms or in other kinds of graphs 
docsiiot change ihe range, mean, or mode for the data. But 
new arrangements can make patterns more obvious. 





Throughout this unit you will be comparing your measure- 
ments with those of your classmates. One simple way of 
comparing is to see if your measurement is at^ above, or 
below the mean or mode. 

Another way of comparing will give^you even more infor- 
mation. Look back at the weight distribution of ninth grafd- 
crs, in Figure 3-3. The weight range is from 60 to 169 pounds 
(or 109 pounds). Dividing that range/into five parts gives 
about 22. The nunciber of ninth graders within each fifth are 
shown in Table 3-3. 



THE ISCS FIFTH SYMPHONY 



Table 3«3 



Fifth 


Range 


Limits of Range 
for That Fifth 


Numbers of 
Individuals 


I 


22 lbs 


60-81 


5 


2 


22 lbs 


82- im 


6 


? 


22 lbs 


104-125 


. 16 




22 lbs 




126-147 


6 




22 lbs 


148-169 - 


3 



A 



Notice that, once again, most of the measurements occur 
in the middle fifth (3) with fewer at eithef extreme measure- 
ment (1 and 5). Figure 3-6 shows the information above in 
yhistogram form. Note how clearly the mountain-shaped pat- 
tern shows up when the data are grouped in fifths, f 
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16 



14 



12 



10 
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Fifths 
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• □3-13. If Ringo Deery Weighs 142 pounds, into which fifth 
. does he fall? 

»• 

□3-14. If TViggy Hutch weighs 80 ^unds, into which fifth 
does she fall? 

' 03-15. Which fifth is the mode fifth? 

□3-16.. Into which fifth will extremely light people fall? 

□3-17. Into which fifth do "normal** variations in weidit 
fall? 

In this chapter you*ve learned how to make a histogram. 
You*ve also found, how to calculate the raiige, mean» and 
mode for a>set of measuremtaits. You've seen'that grouphig 
jdata o^^n helps to n»ake a pattern clearer. This i$ especially • 
true when you have a small number of measurementsivYou 
have probably heard that good -experiments are repeated, 
many times. The more measi|rements yoii have, the casiir^L 
it is to sec a pat^m and the ^ore confidence you can have 



^5 




regarding the conclusions you nxakc^ 

In the next chapter, you will get to use your new skills 
in analyzing some not-so-obvious variations. You will also 
be^miroduced to some new skills useful in finding patterns. 

B«for« going bn» do Self-Evaluation 3 in your Racord Book. 





PM BEHOLO'N TO YUH 
FER CL^AR'N UP 
THAT RANGE MESS. 



.^1 



<J6 
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How Do You 
Measurie Up? 



Chapter 4 



How do your features and characteristics compare with those 
of other people your own age? Are you average? Do some 
of your characteristics fall into the '*mode" category? To get 
an idea of just how normal you are, you should conduct a 
few investigations. Find .out how you stack up in relation 
to your classmates. 




HEIGHT AND WEK^T 



Start with an easily measured feature — height. To obtain 
measure|nents» you can use the help of a partner and a 
metcrsticL 



Card or other 
^ «at object, ' 



Measure from 
floor to object 



ACTIVITY 4.1 /Measure your height In centimeters, as shown. 
As a ctiecic, you should malce your measurement more than 
once. f 

□4-1. How many centimeters tall are you? ^ 

When you are sure that your height measurement i5 right, 
compare yo\ir measure with the data in Table 4-1. (If you 
are a boy, use the "male data;" if you are a girl, use the 
**female data.") Notice ^hat the table contains both height 
and weight measurements for people of your approximate 
age. ] .. " . 

' ... IS 




Feet flat on floor 
and back straight 
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Tabl« 4-1 



Male 



Height (cm) 



158 


97 


178 


142 




105 


176 


, 114 


163 


104 


153 


75 


164 


107 


184^ 


138 


178 ; 


'122 


1 150 : 


72 


\ 160 


99 


\169 


117 


. . 165 


104 


158 


85 



Wcipfit (lb) 



Female 



Height (cm) 



153 

141 

150 

160 

163 

165 

169 

155. 

148 

155 

173 

154 

155 

150 



Weight (lb) 



102 
84 
95 
100 
95 
115 
126 
110 
94 
107 
142 
85 
96 
103 
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p4-2. What Ts the range of weights for the students of your 
age and sex? 

What is the range of heights for the students of your 
age and sex? • 

□4-4. What are the mean and mode weights for the students 
of your age and sex? 

□4-9. What are the mean and liiode heights for the students 
of your age and sex? 

□4-6. How far above or below the mean for height of your 
sex is your height measurement? 

□4-7. How far above or below the mean for weight of^our 
sex is y^ur weight measurement? ' • 

Height and weight usually vary greatly art{oiig teen-agers. 
If you calculate the mean height of your classmates, you may 
find no singft person who has the average height. Thus, who 
is average? Perhaps the best example of an average pereoii 
is someone whose charact^stics are woraverage. 



^ Height and weigfit arc important characteristics to teen- 

er, agers. But now look at some features that you probably never 
even thought about. 



I 



You can't see what's going on behind ^our head. But you EYES FORWARD, 
can sec things to your right or left without^ibving your eyes ' 
6r turning your head. Hoiv much can you see? Your next 

problem is to measure Ijow far to the side/^ou can see while 

looking^traight ahead. - 

To make measurements, you need to know how to use a 
„protracioi'. If you don't know how to use one, do. Excursion m I^KtilJ I 
4-1, "Angles anji Protractors." When you are ready to go 
ahead, you'll need to work with two paCrtners. Your group 
will need these materials: 

1 piece of string. 1 meter long 

1 piece of chalk 

2 white index cards, 3x5 inches 
1 protractor 

Tape' ^ 



Read through Activities 4-2 to 4-ar before starting. 




String 
(1 m long) 



Tape * 
this end. 
o 



Draw a chaik line 
alonQ the string. 



ACTIVITY 4-2. Tape one end of fhe string to the floor. Stretch 
ttw string out straight and chalH a line on the floor along the 
entire length of the string. 
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AdTIVITY 4-3. Tie a piece of chalk to the untaped end of the 
•ti^ng. Draw a quvter circle on the floor. Leave the string 
taped to the floor, but remove the chaik. 



CIrcta 



/ 



^ String 
(1 m long) 
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ACTIVITY 4-4. Prepare two Index cards as shown^ Use^cards 
already made if they are available; 



STARE 
AT DOT 



Dot 

(1 cm wide) 



Cardi 



Leavtt 

blank. 



Cardf 



your first partner should stahd as 
shown. Be sure that your feet are on the tape and that you 
can see the dot oik Card 1. 



Self 




ist partner 



- N 

ACTIVITY 4-6. Next stare at the dot on Card 1 while your 
second partner moves along the greater circle with Card 2 
in his hand. Watch the blank card without moving y our eyes 
oj^yourhead. . " — - 



1st partner 



7 




« 



ACTIVITY 4-7. When you can no longer see Card 2, say 
••Stop." ^ 




ACTIVITY 4-8. Move the end of the string to a point just below « 
thtfblank card in your second partner'^ hand. Hold it in place 
with a small piece of tape. 




the dialk line and the string. This is your '^peripheral angle 
of vision/* 

0 

I siring ^ 
\ to card 2 




Chalk line 
tocacd 1 



Repeat the measurement of your angle of vision twice 
more. Record the results of the three trials under Self in ^ . 

Table 4-2 of your Record BooL . CHAPTER 4 



Tabto 4-2 



i 



Student 


Tnal I 


T * ' 

Inal 2 


Trial 3 


Average 










• 


student 1 






• 


• 


otudcnt 2 


- . . 


- 




♦ 


otudcnt 3 






• 


• 


Student 4 




o 


* 


• 


Student 5 


• 


o 


o 


o 


Student 6 


, V 

o 


o 


• 


o 


Student 7 


o 


o 


• 


V 

• 


Student 8 




o 


o 


o 


Student 9. 


o 


•> 


• 


o 

I 


Student IC 


► • o 


> 

o 1 o 

— 1 ■ 1 .f 


i 



Next, measure the angle of vision for ten of yotir class- 
mates (three trials and average). Record these results also 
in Table 4-2. When the table is complete, make a histogram 
of the data in the space provided in Figure 4-2 of your 
Record Book, Use the histogram and Table 4-2 to answer, 
, . * the next three questions. > > • . 

□4-8. Use the calculated averages to determine the range ^ 
\ of angle of vision for the ten students, 

□4-9. Use the calculat^ averages to determine the mean 
\ . and mode angle of vision for the ten studepts, 

□4-10. Is your angle of vision the same as, aboVe, or below 
CHAPTER 4 the mean for the ten students? 




PROBLEM BREAK 4*1 

Up to now, you have concentrated on your field of vision 
to the side (horizontally). Design and carry out an experi- 
ment tliat will measure your field of vision up and down 
(vertiqally). JQ^pn^ibe your experiment and recoM your find- 
ings and oBfclusions in youi Record Book. Do 
spend more than one class period o» this activity. 



not 



Th^ last activities dealt with your scnst of sight. You have 
four ftiore senses— hearing, touch, smell, and taste. The rest 
of the activities in this chapter will give you the chance to 
investigate some of these senses. You will also be able to 
compare your senses with those of your classmates. 



Touch is considered to be one of the so-called^ five senses. 
In this activity you will determine whether the sense of touch 
varies in different parts of your body. But be|iore doing the 
cxpcriinent^ try answering these questions, 

D4-1i. At wliat point on your body do you think you are 
most sensitive to touch? 

□4*12. At what point on your body do you think you are 
least sensitive to touch? 

To test yoiur predictions, you will -need a "touchometer.'* 
This is a device with which you can measure sensitivity to 
touch* To make a "touchometer/* you will need these things: 



1 cm-scale plastic ruler 

2 nibber. bands 
2 toothpicks 

iiimiiiaiii 



Toothpicks 



imnnr 

2 



3 



im 
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mrpuT 

5 



iHliiiiiiiiiiiiiiiiliniiiittnT 



Rubber 
band 



ARE YOU TOUCHY? 




9 



O I 1 



1 



1 



HIT 



llll|!iri|lllll{1111 
4 1 16 11 



MTTIT 
6' 1 



m 



^ Sharp 
^ ends 

ACTIViTV 4-10. Use rubber bands to^ttach two toothpicks 
tighUy to a ruler as shown. B^sure that the more pointed end 
of eadi toothpicic points in the. same direction. / 



Ruler 
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ising your touchometer you will vary the distance bc- 
^ iwceri ih^ toothpicks and touch both points to the skin at 
the^ame time. Thc^aim wilh be to ftnd out how close together 
Ujtf toothpicks have to be before the two points feel like one. 
•^HLct^s give it a try. 






I • 1 



T 



ACTIVITY 4^11* Spread the points two centimeters apart, as 
shoWn^ ^ 




, ACTIVITY 4-12. Touch the two pointsjo your forearm at the 
same time, as shown. If^you feel both points, move the picks 
closer together and repeat Adjust the toothpicks until they 
are fis far apart as possible but stUI feel like only one point 




Now that you know how to use your touchometer, you 
arp ready to do your touch experiment. You will need a 
partner. <^ * 
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Safety Note In doing this touch experiment, be very carejul 
with the sharp points. Do not test the sensitivity of 
your face, although you may want to test the back of your 
neck. Don^t make quick or unexpected moves. Always apply 
the touchometer very Ughtly. You are trying to measure sensi- 
tivity 'vf touch, not pain. 



ACTIVITY 4^3. Vimiie yojir partner's eyes are ctosed^ test his 
touch sensitivity on tlie bacic of his forearm. Record the re* 

suits of two trials In Table 4-3 of your Record Book. 

-» 




Table 4-3 



r 



Distance (cm) Between Points 
When They Are Felt as One 



Area. 
Tested 


^ Trial 1 


Trial 2 


Average 


Self 


Partner 


Self 


Partner 


Self 


Partner 


Back of fi^rearm 














Back of nqck 














Palm of hand 








» 






Back of hand 














Sole of foot 




* 











Next, switch places with your partner and have him test 
your touch sensitivity by repeating Activity 4-13. Then, for 
yourself and your partner, test the other body areas that are 
listed in Table 4-3. Record all measureAients in your Record 
Book. 
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Finally, test the touch sensitivity of nine other classmates. 
Record the data that you collect in 1 able 4-4 of your Record 
Book. When the table is complete, make a histogram of the 
data and answer questions 4-13 through 4-16. 



Table 4-4 



Area 
Tested 


Self 


Classmates 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Back of 
forearm 
























, Back of 
neck 
























Palm of 
hand 
























Back of 
hand 








V- 
















Sole of 
fool 








V 

















44 CHAPTER 4 



□4-13. What are the class ranges, means, and modes for the 
^'touchiness** of the forearm, back of neck, palm of hand, 
back of hand, and sole of fo6t?^ou can answer this question 
by completing Table 4-5 in Record Book. 

□4-14, In the touchiness test, does^a large, or a small^ 
touchometer reading indicate more sensitivity? 

□4*1 5. For wl\,ich areas of the body were your o^ touchi- 
ness measurements greater than the mean for you and your 
classmates? 

□4-16. For which areas of the body were your own touchi- 
ness 'measurements smaller than the. mean? ' . 



Tabte 4-5 





Range ^ 


Mean 


Mode 


Back of forearm 


cm lo cm 


cm 


cm 








Back of Qcck 


cm to cm 


cm 


cm 


Palm of hand 


cm to an 


/ cm 


. cm 


Back of hand 


\Stnt to , cn^ 


\ cm 


cm 


Sole of fool 


cm to cm 

/ 




cm 



You have probably heard someone say, "He has a bimd spot 
when it comes to so and so/' This comment usually inn>lies 
that the person with the **blind spot** dopsn*t see all the lacts. 
Of course most of us have -such mental blind spots, at ohe 
time or another in our lives. 

But did you know that everyone has a true physical blind 
spotT— one for each eye? Well, it*s true. In the next activity, 
you will investigate your own blind spots. You will also see 
how these blind spots differ for different people. 

To get ready for the activity, you need to make a copy 
on paper of Figure 4-1. You will also need a partner and 
a ccntimeter-scale ruler. 



BUND SPOTS 



ngura 4-1 



_i 
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Some teachers have had students use trie 
3" X 5" fite card on which to copy Figure 4- 1 
The stiffness of the card makes for easier 
manipulation and measurement. 




ACTIVITY 4-14. Covor your left eye with your hand and hold 
Figure 4-1 at arm's length. Stare onl y at the cross and slowly 
bring the paper closer to your face. 




ACTIVITY 4-15. At the Instant the spot disappears, stop mov- 
ing the paper toward you. Your partner should then measure 
the distance from your left eye to the paper. Continue moving 
the paper closer to your face until the spot appears again. 
Measure that distance too. 

Record the distance measured in Table 4-6 of your Record 
Book. Then calculate the Total Blind Distance (TBD). 
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ACTIVITY 4-16. Repeat thf experiment with ypur left ey^. Thlf 
time, however, etare at the spot, not tho cross. 



53 



Record your measurements in Table 4-6 of your Record 
Book. Then switch roles with your partner aftd repeat tho- 
experiment. Calculate his TBD^ ^* . * 



Tabl» 4-6 



BLIND SPOT DISTANCE -FOR EAtH HYE 





, Right , 




Disappcariog distance 




V 

r 


■ "v- — — r 

Reappearing distance 




t 


Jotal blii^ distance (TBD) • • 
(Uisappearing inimts rcappeanng) 
■ ^ — « ^ 







□4-1 >. Was ypur TBD greater, or 4ess, than your partner's? 
Find x>ut what TBD other members of your class have: \ 

□4-18. Is your TBD above, below, or equal to the mean 
TBD for the students you cheeked? ; - 

Q4-19. What was the range of. TBD for the group? 

□4-20. Do you think a person's TBD would be an important 
feature to consider, when interviewing for certaih jobs? Why? 

Another important characteristic of human vision maHgs 
it possible to catch a bail, pick up a thumbtack, or hang 
clothes on a line. Take a look at Excursion 4-2 to see how 
people vary in their ability to judge distances. 



Obviously, there are blind spots in vision. Are there similar 
**bUnd spots" for hearing? 

Does everyone hear all sounds -the same way? Without 
expensive equipment, it's hard to study variation in ability 
to hear high and low sounds. But there are some questions 
about hearing that be studied with simple equipment/ 




THE BETTER TO HEAR WITH 
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For example, you can study a person's ability to l^>cate 
where sounds come from. You can also study frorp^/w^hat 
direction different people hear best ^ 

For these mvestigations you will need a p>encil or pen and 
a glass, jar, or beaker. YouUl also need a partner. 



ACTIVITY 4-17. Have your partner sit in a reasonably quiet 
part of the robm with his eyes closed. Move a short distance 
from him and gcmtly tap the glass. When he hears the tapping^ 
he^hould point in the direction he thinks the sound Is coming 
from. He should 1Mso state how many meters away he thinks 
you are. ^ . * 

IVs up to you to decide how to record how much yoiur 
partner*s guesses are off. Whatever scheme you use^ you 
should consider both direction and distance. Your testing 
should be done on" both sides, in front, and in back of your 
partner Record all data in Table 4-7 of your Record Book. 

Have^^ur partner test your ability to hear sounds in the 
^Mime way you tested his. Then compare his measures with 
yours. If you like, test several of your classmates as wclL 

□4-21 • Describe how your ability to hear sound compares 
with your partner^s. 

□4-22. Did you find any evidence for a **blind spot** for 
hearing? - ^ 

PROBLEM BREAK 4-2 * 

Perhaps you're sometimes late in coming home. Maybe 
you have excused yourself by saying, "Fm sorry^ I just lost 
track of the time.^ Some people^ are extremely good at esti- 
mating different lengths of time. We could say they have a 
good **sen$e of timing/\Timc sense isn*t one of the five 
senses, but it is important. And it is another variable among 
people* Perhaps you can measure this **scnse/* To 8o so» you 



should again work with a partner. You and he will need a ^ 
watch or clock with a second hand. 

Design an activity to find out how well you can judge when 
one minute has elapsed. Collect data for several trials for 
you and your partner. Th<ta. calculate the mean error. Check 
other classmates, too. 

□4*23. What is the mean error for lime sense for the people ' 
that you studied? 

□4-24. What is the mode error fqr time sense for the people 
V - that you studied? 

^\n4-25. Was your lime-sense error above, or below, the 
mean for the people you studied? i 

You have studied and measured many of your own char- 
acteristics and those of other persons. There are, of course, 
r niany other characteristics. Some of them are quite difficult 

to measure fc^ ordinary methods. If youM like to investigate . 
one that is important in detective work, do Excursion 4-3, "No ^ J S W [•] 

TwoAlike/^ • 

Weil, how did you stack ^p against your classmates? Were 
the iHcasures of all your continuous variation features and 
characteristics at flie mean? Did all your either-or features 
fall into the.mpde category? If your answers to those two 
questions were No, you are a normal person* 

' You may have had one or two features that could be called j 
average. But if enough features are measured, you would no 
longer be average. Be glad, because your differences from 
other people are what make you an iddividual. 

Why t|ien, is there such an interest in looking for patterns 
in himian characteristics and behaviors? Chapter *5 may clear 
that up a bit. 

Bafom going on, do Self-Evaluaybn 4 in your Record Boole. 




Personalizing the Chapter 5 

Population 



The most exciting thing about people is that each one is 
different. At least one feature or characteristic distinguishes 
cachpcrson from every "bther person. Each of us has his own 
privali set of physical ^nd mental traits. And even those 
characteristics we have in common with other people may vary 
considerably from person to person. Even the most ama^lQ^ 
look-a-Iikes (identical twins) are distinguishable. 

You have been investigating some of these human charac- 
teristic* and features. You've looked for differences, but 
you've also searched for similarities and patterns. Why is 
there a big search for patterns in human behavior and in 
human features? Why doesn't research pay attention to each 
individual as an individual? 

mi n qpjNJiJ f 

Finding die answer to these questions is the purpose of 
this final chapter df Investigating Variation. In this chapter 
' you will encounter a series of problem breaks. Each one will 
present ajpractical example of why looking for patterns in \ 
human variation can be so important ( . * 
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As you work with pach problem situation, keep in mind 
what you have learned about human variation. Think care- 
fully about the human vanables that you want to consider, 
collecting your thoughts on these things: 

1. How information about them can be gathered 

2. How they can be measured 

3. How they are likely to relate to each other . 

You may select the problems you wish to do, but try to 
complete at least half of those listed. Blank pages are pro- 
vided in your Record Book so that you can keep a record 
of your ideas, plans, data; and so forth. 

Chat with your teacher and classmates about the problems 
* you select. You may want to team up with someone before 
actually conducting an investigation- 

Solving some of the problems will requires that you collect 
data from a group of people. .When and if you want to leam 
I :>2(*iiJ W ^ W how to get a good data^sanjple, do Excursion 5-1, "Sampling 

Populations/* 
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PROBLEM BREAK 5-1 



You are the new radio programmer for station WRXY. 
The station transmits from your community center and has 
a broadcast radius of 25 miles. The station's motto is **Mijsic^ 
for Vn generations 'round the clock/' Your boss expects you 
to have a new 24-hour schedule ready within 30 days. He 
has given you some funds for research. Explain how you will 
decide what kind of music should be played throughout the 
day and night. Outline your research plan in your Record 
Book. . 
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PROBLEM BREAK 5-2 

As sporting-goods buyer for a large department store in your 
area, you have the job of deciding how many left-handed 
baseball gloves are needed in stock. What will you do to make 
the best estimate of these needs before spending the store's 
money? Describe your plan in your Record Book. 




PROBLEM BREAK 5-3 

As advisor to Representative Bellows, it^is your respon- 
sibility to help him win votes among the youth (18-26 years). 
Of course, he must also get the vote from older citizens if 
he is to win reelection. Design a plan to find out what per- 
centage of Representative Bellows* appearance time should 
be directed at concerns of each of the different age-groups 
in your community. 




PROBLEM BREAK 5-4 , 

Suppose the Student Council of your school decided to 
sell sweat shirts to raise money for a special fund. How 
should they go about deciding on the color, size, and style 
of shirt? Suppose they wanted to have something printed on 
each shirt. How can they make the best decision as to what 
should be printed, how large the lettering should be, and 
where it is to be located on the shirt? 




S 
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PROBLEM BREAK 5-S 

Physicians and scientist's are concerned about the effects \ 
of noise on hearing abihty. For example, there is somfc cvi* 
dence that ears are damaged by long periods of listening to 
loud music. Design a Research study to fin<J out if students ' 
in your school have suffered any hearing loss because of their ^ - 
love fpr music. (Hmi: You might investigate the relationship 
between age^d hearing ability. This approach assumes that 
, older students have listened to more loud music than 
younger ones have.) 

*^ * . ■ * , '' 

PROBLEM BREAK V . ^ 

a member of the school u^wsp^per staffs jrou have beca ^. 
assigned the tasle of getting jthe student body to select the 
bek all-round male (or femj^le) "Student. However, you don't 
want to run just another popularity, content. So you have 
decided to find out what characteristics the sitiidents expect ' 
the .best all*Found male (or fenial\?) to have. Design ^. plan 
for 'identifying the list of characteristics that is agreeable to 
a inajority,of the students. / 




PROBLEM BREAK 5-7 



If your school has a cafeteria, you probably have heard 
students complain about the food and about the amount of 
time they are given to eat it. Suppose you are appointed by 
- the Student Council to find out how much lime the average - 
student needs to eat an average-sized lunch. On the basis 
of such "findings, the lunch period will be adjusted so that 
some extra time (about 10 niinutes) is included fdr conversa- 
tion. Design your research plan. 

* • *• 

% 




PROBLEM%REAK 5-8 

There has been a revival of the bicycle craze in your town> ' 
an4 approximately 500 students are now riding th^ir bicycles 
to your school every day. But with the upsurge in the use 
of bicycles has come a multitude of problems. Vandals are 
damaging unattended bikes. Stealing is rampant, and bi- 
cycles are disappearing at the rate of five or six a day. Bikes 
arc being parked in^mpty spaces 4ll'(^er the school grounds,* 
duttering up the parking lot and giving the lawns an untidy 
look. Twice a day the cyclists cause traffic jams as they arriye 
at or depart from the 'school. * 

You are a member of a committee appointed to look into 
these problems and ^ked to come up with solutions that 
will npt offend any major segment of thevaffected population 
(students; teachers;^ or tfiose of the general public who liv^, 
driven or work in the vicinity of the school). , Describe a 
research plan^hat would lead to workable, acceptable, and, 
hopefully, successful solutions. 
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Solving problems concerning people usually requires you 
to know something about groups of people. Patterns of group 
behavior or characteristics become important. You fre- 
quently need data about lAeans or modes. The problem 
breaks in this chapter can be completed only if you identify 
those average or model characteristics of a group of people* 
Individual characteristics are always interesting and impor- 
tant. They identify the person. Each of us wants to be 
thought of as an individual. We want our own .heeds met 
But, each of us is also a member of a large group. The most 
efficient way to m*eet group needs is to identify group charac- 
teristics^ That is why patterns of traits and characteristics arc 
so important. 

Before going on, do Seif*Evaiu^tion 5 in your Record Book. 



1 
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Excursions 



Do you like to take trips, to try something different, to see 
new things? Excursions can give ypu the chance. In many 
ways they resemble chapters. But chapters carry the main 
story line. Excursions are side trips. They may help you lo 
go further, they may help you go into different materiaL or 
. they may just be of interest to you. And some excusisions are 
provided to help you understand djiiicult ideas. 

Whatever way you get there, aftef^you finish an excursion, 
you should return to your place in the text piaterial and con 
tinue with your work. These short trips can be interesting 
and different. ^ — ^ 



4 
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Measuring— Mostly 
in Metric 



Excursion 1-1 



You know that 12 inches make a foot and that 3 feet itiake 
a yard. And you probably have it memorized that 5,280 feet 
equal a mile. The inch, the foot, the yard, and the mile are 
units^in a system of measurement called the English system. 
The United States is pne of a very few countrie^'s in the world 
still using this system. 

Use English system units to answer the next two questions* 

□1. How many inches are there in 6 miles? 
□2. How many yards are^ere in 5,000 inches?"^ 

As you can see, chan^ng from one English system unit 
to another can be rather messy. 




IF THAT'S THE ENGUSH 
SYSTEM, WHATHAME/ 
I BEEN USING? ^ 



\ If youWc studied Volumes 1 or 2 of ISCS, you probably 
feel fairly comfortable in the metric system. If this isnM so, 
then this excursion will help you ^eam what the metric sys- 
tem is all about > ' 
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The metric system was first used in France about 1790. 
The standard -unit of length was called a meter. A meter was 
supposed to be 1/10.000.000 of the distance from the North 
Pole to the equator. Wc now know that this measurement 
was not quite right, but the original meter is, nevertheless, 
still used. The meter is 39.37 inches long— a little more than 
one yard. 

Get a meterstick from the supply table. Notice that the 
numbered lines printed on the stick divide it into 100 parts. 
The distance between two of these lines is called a centimeter. 
The prefix centi means "one one-hundredth" (0.01). A centi- 
meter is 0,01 of one meter. 



3 4 5678 9 llQ 12; 



4 5 



Figure 1 



You probably noticed that there are 10 smaller spaces 
between each of the longer centimeter lines. The short dis- 
tance between these lines is called a millimeter. The prefix 
milli means "one one-thousandth" (0.001). 




Figure 2 



□3, How many millimeters are there in (a) 1 muter? (b) 2 
meters? (c) one-half meter? (d) 10 centimeters? 
" ' • - 

Figure 3 shows part of a meterstick. To make it fit on the 
page, only part of the stick has been drawn. The part of the 
meterstick between A dnd AA is one centimeter (cm) long. 
The distance from X to Y is one centimeter, too. As you can 
see, each centimeter is divided into 10 emial part^ One 
centimeter divided by 10 equals one mUIimeter (mm). So 
a millimeter is 0.1 centimeter (one tenth of a centimeter). 

Now that you know the names of the metric units for 
length, you are ready {o dp some measuring. The arrows and 
letters beside the scale in Figure 3 mark the lengths ^t 
you will measure for practice. 



60 EXCURSION 1-1 



□4. What is the distance in centimeters (cm) from A to B? 

/ ■ ■ ■ 



□S* Whal is the distance in millimeters (mm) from A to B? 

We hope you answered "7.2 cm*' for question 4. If you 
didnX you probably had trouble because arrow B points 
between the seven- and eight-centmieier marks. Notice that' 
there are 10 lines bet^l^een the seven and eight. The arrow 
points to the second line beyond the seven mark, so it is 
two tenths (0.2) of the way to eight. So the reading should 
be 7.2 cm. Remember, there are 10 millimeters (mm) m each 
centimeter* The answer to question 5 is "72 ram** because 



J.2 cm X 10 



mm 
cm 



= 72 mm. 



□8^ How many centimeters is it from A to C? 

The last problem was tougher because arrow C doesn*t 
point right at the line. You could have read it as 10.7 cm 
or 10.8 cm. You will have to decide which is better.^ There 
will always be some uncertainty in such measures. You just 
have to estimate the last figure. A metrJc scale, such as the 
one in Figure 3, should always be read to the nearest milli- 
meter (0.1 cm). That^ of course, will take some estimating. 



□7. How far is it in centimeters from A to D? 



You probably thought this question was the easiest of all. 
Since the arrow pointed right at the fourteen mark, the dis- 
tance was 14 centimeters. 

Do you agree with the distances given in question 8 below? 
Look closely, because the figures may be wrong. If you find 
a mistake, cross out the wrong number in your Record Book, 
and write ih what you think i^ correct. (Remember, you are 
still using the meterstick shown in Figure 3.) 

Check, the distance between the following points. 
A and E 15.7 mm 

A and F 16.8 cm 

A and Q 18.4 cm 

Using ^e drawing of the meterstick shown in Figure 4, 
do the following checlkup. 



ngura 3 



K 



/ J 



H 



0) 
00 



CM 



o 



00 



IN— ^ 
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CHECKUP 

FinU the distance between the 
following points. 



A and H = 
A and J = 
A and K = 
A and L = 



. mm 
cm 

. cm 
cm 



■ Ask your teacher to check your 
answers. Do not go on until 
you can measure accurately 
with a meterstlck. 



WHEN DEALING WITH 
METERS. ALWAYS CHECK 
YOUR DISTANCE. 




i 
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On the Average Excursion 2-1 



What is an average? If you are not sure what averages are 
and how they are Calculated, this excursion should help you. 
Yoijr^lviU need a metric ruler. 

r 

ACTIVIVy 1y Measure the length In centimeters of each finger 
on one hand. Don't measure your thumb. (You might read on 
before doing this.) 

As you try to measure your .fingers, you will probably have 
problems. From what point do you measure? How should 
the fingers be held? Before going on, you will need an opera- 
tional definition for "finger length." This is a definition that 
tcUs you a way of measuring finger length. 

□1. State your operational definition for the length of a 
finger. 

Use your operational definition to measure the fingers on 
one of your hands. Record your data in Table 1 of your 
Record Book. 




Table t 


Index finger ^ 


cm 


Middle finger 


. cm 


Ring finger 




Pinky 


cm 



i 



63 



7o 



□2. Is finger length an cither-or feature? Explain your an- 
swer. 

Suppose your four measurements for finger length were 
6.2 cm, 7.4 cm, 7.8 cm, and 7. 1 cm. How would you calculate 
the average finger length of your hand? 

It's simple. Just add up all four measurements to get the 
total. Then divide the total by the number of measurements 
you made. Here it is for you in black and white. 



Add: 

6J2 cm 
7.4 cm 
7.8 cm 
7.1 

28.5 qn Total. 

\ 



Divide the total by 4: 



7.1 cm Average 
4)28.5 cm 

5 

4 " 



Average 



Sum of all measures 
Number of measures^ 



□3. Now find the average of the four finger measurements 
you made. Compare your average finger length with that of 
some of your classmates. 

^ Syppose you recorded the temperature at noon every day 
for a week. Your seven readings were 28**, 26**, 20**, 22°, 27**, 

• 30°, and 30" Celsius. To find the average Celsius temperature 
readmg for the week, you simply (a) add all the measures 
and (b) divide the sum by 7. , 

□4. What was the average noontime temperature for ttc 
week? 



EXCURSION 2-t 



Your answer foriquestion 4 should have been 26.1 degrees. 
If it w^ not, continue with the rest of this excursion. 

Look back at the averages you have calculated in thi^ 
excursion. Notice that the following interesting things are 
true qT all averafges. 

1. The average number is always snialler than the largest 
measure and larger than'^the smallest measure* 

2. The average is often not a whole (lumber. 



If you were to measure the heigl^Ls to the^ nearest tenth of ROUNDING OFF NUMBERS 
a centimeter of a few ninth gradei"^. your data might look 
like that in Table 2. 



TabI* 2 



HEIGHTS OV NINTH-GRADE STtJDlNTS (cm) 



160.1 




170.3 


164.2 




161.4 


161.5 




166.7 


174.6 




165.1 



It often helps to **round off** measurements to the nearest 
whole number. This means dropping any pumber that comes 
after the decimal point. The following **rules*' for rounding 
off are commonly used. 

Rule 1. When the last digit (number) is less than 5, it is 
dropped and the digit (number) ahead of it stays 
the same. 

Rule 2. When the last digit (number) is 5 or greater, add 
1 to the number ahead. 

Table 3 shows four of the same heights given in Table 2. 
This time though, the numbers are also given in rounded-off 
form. Compare the two columns and notice how the rules just 
given were applied. 



Table 3 



HEIGHTS OF NINTH-GRADE STUDENTS, 



Original 
Measurement (cm) 


Rounded-off 
Mea.surement (cm) 


Number of Rule 
Applied 


160.1 


160 


I 

— : « 


164.2 


164 


1 


161.5 


162 


J 2 


174.6 


175 


2 - 



ADD 1 TOliiUMBER 




DONT CHANGE 
NUMBER AHEAD 
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In your Record Book, round off the measurements given 
jn Table 4. In the right-hand column,^ve the number of 
the rule applied. Check your answers with your teacher. 

Tabte4 % 

HEIGHTS OF NINTH-GRADH STUDENTS 



ROUS\!DEE\!Q 
^ OFF 



Original 
McHsurcmcnt (cm) 


Rounded-off 
Measurement (cm) 


Number of Rule 
Applied 


180.4 


• 




. 172.6 






174.7 






176.5 




• 


181.5 






180.2 






179.8 




♦ ■ 


180.3 






182.9 






176.4 






173.6 






179.2 






161.1 






169.9 
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Contingency Tables Excursion 



2-2 



Walter, an ambitious student, wanted to find out something 
about ISCS students in his school. He wanted to know how 
handedness is related to eyedness. For example, he wanted 
to know whether left-handed persons were usually left-eyed 
and whether right-handed persons were usually right-eyed! 
He didn't know what he might^^ctually find. 

Walter decided to use the ISCS handedness and eyedness 
tests. He collected data on a rather large sample of students. 
At arst he tallied his results ^ shown in Table 1. 



Hible 1 



Group 


Tallies 


■ RH-RE 


mjmjmimjmirHimjmj' 
mi mi rm. mj n|i mj >hj 


RH-LE 


^HI mj uu 


LH-RE 


mj* mj rH4 mj m4 1 


LH-LE 


mi 11 ♦ ^ d 



RH » right-handed;, LH = len-haaded; RE = nght-eycd; LE = kft-cyed 



Walter's friend. Lesfie suggested that he could have used 
a simple table for recoiHing his data. Table 2 shows her 
suggestion, ^ 



«7 







RE, 


LE 




RH 


rnj 








tHJ 


mj 


nil 


a 




mj 


mj 


mj 


mj 








c 




mj 


mj 


mj 


mj 








■o ■ 

t3 




It44 


mj 


ma 










c 


















m 
X 


LH 


ma 


I 


ma 
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Once all the tallies were made, Walter decided that num- 
bers would look neater. So he drew a new table (Table 3). 



Table 3 







1 

Eycdncss 






RE- 


XE 










c 


RH 


75" 


14 


<L> 














c 

CO 

X 


LH 


1 


12 



Leslie thought it would be helpTuI to show some totals in 
. * the table. Then you could tell at a glance how many right- 

eyed people'there werj in the sample. They altered the table 
again, so that it looked like Table 4.- But they didn*t fill in 
the totals. ' , 

□1. Complete Table 4 in your Record Book by, entering the 
totals. ' ' 

□2. How many., of th^ persons are left-handed? right- 
EXCURSION 2-2 handed? * . ' , 



Table 4 







RE 


LE 


p i-^ 

Total ■ 


. ■ o 


RH 


75 


14 




LH 


26 


12. 





. ■• - X 


. Total 









Eycdncss 




□3. How many arc left-eyed? right-eyed? 

□4. What is the total numbel- of students on \«?hich data 
were taken? . • 



Notice that there are three ways to calculate this number 

1. Add 75, 26» 14, and 12. 

2. Add 38 and 89. 

3. Add 101 and 26. > ' 



I 



□8. Explain why the three ^calculations shown above total 
the same. 

□e. Following his investigation, one of Walter's friends said; " 
"A right-handed person from bur ISCS group anil generally " 
also bckright-eyed." Would Walter be liiely J agree with 
his friend's comment? 

- • ' ^ 

□7. Another friend of Walter's 4»aid, ^*Ycah, and a left- 
foofcd kicker is usually left4ianded." What do you think 
Walter would have to say about that comment? I 

The kind of table that Walter and Leslie used to record 
and study the data is cJalled a contin^ncy table. The word 
contipgent means "dependent upon." In Walter's table, ?ach 
tally made is dependent upon two variables. 

Dt. What were the two variables in Walter's investigation? EXCURSION 2-2 



X 



Note also that each tally can go^into only one category. 
Contingently tables like tho,se are usually used only for 
either-or variables. 




□9. C^n you think of a jvay that a contingency table could 
be used for continuously varying measures? 




HANDEDNESS? 

)^ — - 



- K 
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Words 




ousand 



Excursion 3-1 



ANSWERS TO QUESTIONS 
FROM CHAPTER 3 ^ 
3-4. 85 cm-95 cm 
3-5. 35 students 



You have probably heard the old savinp "On ^ 

you make Ldin,eT,Srp^u,!fLr"™°" T" "''P 
sand printed words P'«"f« that are worth a thou- 




VarteWe being studied 

^> - ^abb^ness! 

much liir^Zwn .^Pi'^^^^^^ VT^'tr^'^ 

^<^^o.n along the ho.rnt/aJ^n^^ 
cases, or frequency, ,s shdwn on the vertic^4x,s. ' 



Figure 1 



HISTOGRAMS 
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5 6 7 8 9 10 11 
Number of peas per pod 
(the vari«b|e) 



Flgura 2 



Notice how the data in Table I are used to make the 
histogram shown in Figure 2. 



Table 1 



Number of 


Number of Pods 


Peas per Pod 


Having These Numbers 


(the variable) . 


of Peas 


4 


1 


5 


2 

* 


6 


2 


. 7 


3 


8 


4 


9 


3 


10 


2 


11 


1 



Perhaps the position of the numbers along the horizontal 
axis bothered you. They are between vertical lines. If they 
were placed at the lines, you would have trouble knowing 
which bar they identified. 

Histograms such as the one in Figure 2 are very useful. 
However, it is usually more convenient to draw a line graph. 
Your histogram can be converted to a line graph rather 
easily. 



Figure 3 
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Number of pea8 ipar pod 



So 



Connecting the centers of each bar top with a hnc pro- 
duces a continuous graph. 

• 4 

□ 1, In Figure 4 of your Record Book, sketch the line graphs 
that would represent the data in each histogram. 



Figure 4 



r 



r 

L 



□ 



86 



4 



Before going back to the chapter, try your hand at one 
other set of data. Label the axes of Figure 5 in your Record. 
Book. 1 hen sketch the histogram based on the data given in 
Table 2. 1 hen complete the Ime graph for the data. 




74 EXCURSION 3-1 I III > 



Angles and Protractors Excursion 4-1 



r: 



.... A 



Whenever two lines meet» an angle is formed. We call the 
meeting point of the lines the vertex pf the angle (Figure 
1). When two lines meet to form a square comer, we call 
the conjer a r^/ angle (Figure 2). • 



Figure 1 




Vertex 



□1. List a few examples of right angles that you carf observe 
in your classroom. 

l>fbtice that curved^Imes are used to show tlw; spread of 
angles m Figures 1 an<^ 2. Curved lines are o/ten used to 
identify the angle tha^t is of interest Notice ht)w the qurved 
lines arc used in Figure 3. , ■ 




ure>2. 



Figtir« 3 
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Figure 4 



The curved lines shown in Figures 1, 2, and 3 are all small 
parts of large circles. Such pai'ts of circles are called arcs. 

Circles^are measured by dividing them into 360 equal parts 
called degrees. The arc lor a right angle, for example, is one 
fourth of a total circle, so it contains 90 degrees. For this 
reason a right angle is said to be a 90-degree angle (Figure 
4). The symbol for "degree" is \ 1 hus, a 90-degree angle 
is written 90°. 



/ ■ 



90° 



t 

-r 
f 
I 



: Figure S 



A protractor is used to meilsure apgles (Figure 5). One 
^d^e of this instrument is a half-circle arc thalF is divided 
into degrees. The other edge is straight 




Excursion aa 



The straight edge is a diameter of the circle. Its micl^oint 
is the center of the circle. This midfToinf i$ called the ^^er• 
^/ice of the protractor. ' , * 



Q2. How many degrees are shown on your protractor? 



'^Figure 6 shows how the protractor is positioned m meas- 
uring the size of an angle. Note that the straight edge of 
the protractor should be >et along one of the hnes that make 
up the angle. The v<^rtex of the angle must be at the reference 
point of the protractor. 













Vertex of \ 




angle at "^x 




reference point 1 



03. According to the protractor, how many degrees are in 
the angle shown in Figure 6? 



Now here is an . angle for you to measure with your own 
protractor, 

^ Rgure 7 



-4 




Hguro 6 



-4 

ACTIVITY 1. Set the protractor over the angle^ as shown. 




MEASURING ANGLES 




^Vertex at 

reference point - ^ 
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ACTIVITY 2. Note where the other side of the angle passes 
through the scale. 




□4. How many degrees arc in the angle in Figure 7? 

Now use your protractor and measure the angles shown 
in Figure 8. Measure to the nearest whole degree. Record 
your measurements in Table 1 of youi- Record Book. Then 
have your teacher check your measurements (or check them 
with several of your classmates). Be sure you know how to 
use a protractor correctly before going on. 

^^^^^^ Figures 



b 



Table 1 



Figure 8 


Angle Si/c 


a 




b 




c 




d 




e 





J 



Now try your hand at constructing angles. You will need the 
protractor ajid a straightedge. 

* 

□5. In the space provided in your Record *6ook, construct 
a 65" angle. (If you need help, refer to Activity 3.) 



ACTIVITY 3. 
a. Draw a line. 



CONSTRUCTING ANGLES 



b. Placa your protractor on 
tha line. Mark the refer- 
ence point on the line. 
This will be the angle 
vertex. 



c Mark a second point at 
the 65* line of the pro- 
tractor. 



d. Connect the vertex and 
I the second , point. The 
! ' shaded area indicates 
the 65* angle. 
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□6. In the space in your Record Book, construct the follow- 
ing angles: 72", 30", 115°. Have your teacher check .'your 
drawings, or compare them with those produced by your 
classmates. 




5> 
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Depth Perception 



Excursion 4-2 



1i 




\ 



If you have poor depth perception, you will never ma|ce it 
as a passing quarterback or a receiving epd in football. Here 
is your chance to measure your own depth perception. 

Find a partner to work with. Each of you will do the 
experiment t^ice with the right eye open, twice with the left 
eye open, and twice with both eyes open* Record your own 
data only (not your partner's) in ^able 1 in ypur Record 
Book. 

You will need these materials: 




2 sticks 
2 clothespins 
1 index card (about 3" x 5") 
1 index card (5" x 7") 

1 pair of scissors 

2 or 3 .sheets of colored construction paper 




ACTIVITY 1. FoW fl*l 3" x 5" il^dM c|ird lengthwise. Then 
cut a eiit l-cm wide, as shQwn.- W^'ll call this slitted card aT 
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ACTIVITY 2. Use thejiX|ined side of theV' x 7" index card 
ai^ a background.l^lace ohe ctothespin and ene stick 40-50 
pm in front of the card. Label the clothespin "A." 



Stack of books ' 
or other support 





5^x7" 
Index card 



ACTIVITY 3, Place th^jpNicond clothespin and the other stick 
near the 5" x 7'rcard. Label this second clothespin "B." Tha 
two sticks should be on imaginary lines about 5 cm p^pafL 





ACTIVITY 4. Stand-about 2 m from stick A. View t>oth sticks 
through the silt, using only one eye. When you do th^experl- 
ment, you 'will be expected to see only the middte of thft 
sticks. Be sure you can do this.>You should not hold the slit 
so .that you see either the tops of the^ticks or the clothespins. 



I 
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ACTIVITY 5. Stand about 2 metora from stick A. You should 
vl««ir the sticks as In Activity 4. Stick B should be In front 
of the white background. Your partner is to slowly move stick 
B forward toward A. When you thlrtk the two sticks are aiong- 
•icf» Mch other, say "Stop." Then measure the distahce be- 
tween A and B and record it In Table 1 of your Record Book. 




Do Activity 5 twice Ibr^^ach eye alone and twiceibr both ' 
eyes together. Then have your partner switch places with . 





you. 



4 

Table 1 


t , * 






> 


y ; ■% 

DISTANCE BETWEEN. A Ai4d 
\ (in cm) • * 


Eyc(s), 


Trial r 


Trial 2 


Average 


RigKt only 








Left only 






^ T' 


Both eyes 


✓ 








J Measure '"^^ 
this distance. \ 

\ 
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□1. Based on this activity, how would you pperationally 
define depth perception? 

□2- You arc driving a car, at high speed in dayhght You 
approach a slow-moving tractor in the road ahead of you. 
Why arc you more likely to have a rear-end collision with 
the tractor if your d^pth perception is poor? < 

□3. Many animals, such as horses, cows, rabbits, and birds, 
liave eyes in the sides of their head. Others, such as men 
and monkeys, have eyes in the front of their head. According 
to your data, why is it an advantage to have both eyes in 
front rather than one on each side of the heafl? 

> . * . . 

Many variabfes can affect depth perception. If the sticks 
are not round, they can be turned so that they are viewed 
edge-on instead of broadside. The sticks may also be colored. 
The background color and/or pattern may ^o be colored 
(use construction paper). Rather than sticks, objects , of dif- 
ferent shapes Juid sizes might be used. You may also 
to vary the viewer's distance from the sticks. 

Perhaps you'd like to study the effects of, one or more of 
these variables on depth perception. If so, record yqur exper- 
imei^ts, findings, and conclusions in your Record BooL 
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No Two Alike 



Fingerprinting has long been accepted as a way of identifying 
people* No two individuals, not even "identicaF*' twins, have, 
exac^ the same fingeq^nnts. Thus^ fingerprints are among 
the most variable of all human features. Hold your thumbs 
up in front of you and look carefully at the print patterns. 
Use a hand lens if jtiecessary. 

□1. Do your thumbs have identical print patterns? 

You can get a clearer picture of yodr thumbprints by 
making an inked impression. To do this, you will need these 
materials: • ^ , 

r 1 inked s^mp pad / ' 

1 sheet of unlinpd white paper 
Several paper towels ^ 

Study the following activities to learn how tojmake a 
**rollcd impression." You should get clear prints by using this 
procedure. 




ACTIVITY 1. P\ac9 the white fkaper at the edge of a table.. 
DMdf ttie edge of the paper with four lines and write "left 
thumb*' In the space, as shown. 

Clution Bf very careful with your inked fingers. Have ^aper 
towels ready to wipe your fingers when you are through^ 



Left 
tbufnb 




ACTIVITY 2. Place the Ink pad at the edge of a table. Place 
the side of your finger on the Ink pad. rioll your finger lightly 
until It rests on the opposite side. 



Edge 
of table 




ACTIVITY 3. Make one roll of each finger of the left hand Ifi 
each of the divided areas on the paper. Do this by rolling the 
V finger once from one edge of the finger to the opposfte edge, 
us shown. Immediately lift the firfger and wipe clean i>efore 
c|oing the next flngHr. 





Clean your hands befqre doing the next activity. 

ACTIVITY 4. Tt|m the paper to the opposite edge. Dhrlde lhe 
"Mge of the p^^^er with four lines and write "right thumb" ov«r 
^e dhrld^ section, as shown. ' .« 



Repeat Activity 3 with the right hand* Then examine and 
compare all your prints. -^'^ 

The fact that no two prints are alike presents a very chail- 
lengiog problem in measurement and classification. Figure 
1 iUustrates four of the basic categories of prints used by 
the Federal Bureau of Investigation (FBI). Also shown is a 
compound print that combines characteristics of several of 
Jhc^l 




Plain •rch 



Tented trch. 



IjOOP 




Plain wtiorl 




Compound 



Compare each of your prints with the patterm in Figure 
J, writing die print pattern beside each one. Then use Figure 
*v2 to iden^ the jprints you made a& LT, LI, L2, etc. 



Floiir* 1 
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LI 





1 1 










LT 









L3 



FIgura 2 



L4 




Complete Table 1 in your Record Book by writing the 
name Qf the appropriate print pattern in the space provided. 

......... ^ ^ 

T9bl«1 



PRINT PATTERN FOR EACH FINGER 





Thumb 


1 


2 


3 


4 


^ Right hand 






.1 






Left hand 




v- 









EXCURSION 4^ 



□2. Which, if any, of your fingers (including thumb) had 
prints in the same category? ^ ^ 

(□3. Examine the prints of one of ^our classmates. Classify 
them according to the four basic categories^lSec if your 
classification agrees with that of their owner. 

□4|When you classify fingerprints, are you measuring 
thcA? ^ ^ 



Sampling Populations Excursion 5-1 




Sampling a population is a little like sampling candy/ You 
don^t have to eat all the candy in the bag to get an idea 
of what it tastes like. When people who study human popu- 
' lations (demcjgraphers) want the answer to some question, 
they don't hrave to ask every person in the United States, 
or Africa^ or China! They pick a sample of people to answer 
the question. Telcfvision networks, when checking the popu- 
larity of their programs, don't cajl or write each person in 
the United States to find out which programs they watch. 
They have people skilled in sampling find out for them. 

One major television sampling company is the A- C. 
Nielsen Co. oF Chicago. Sck)n after the new television pro- 
grams begin in the fall, the Nielsen ratings are released. 
Decisions are then made by the networks as to which pro- 
grams will be dropped or what can be done to make a show 
more popular. These decisions are very important Millions 
of dollars of advertising depend on the populai^'of a show. 

The Nielsen Company uses only 1,190 households in rat- 
ing television programs! Based on the viewing habits of 1, 190 
househplds, decisions are 'made thal alfect what television 
programs you will watch. HoW ;dan the Nielsen Company 
be sure that this small sample represents the viewing habits 
of 2db,000,000 Americans? Some work you did earlier may^ 
give you an idea« 
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NORMAL CURVES Earlier in this unit yoiT sampled the population of your 

classroom to get s^n idea of the variability of people's weight 
Suppose^you had taken a very large sarpple of the total 
School population and then made a data graph. The graph 
probably wauld have looked like the mountain-shaped 
graphs »^ou drew, for Chapter 4, only smoother. The shape 
of the graph would have been much like the ^hapt of the 
jgraph in Figure 1. 



^1 
31 



Weighr 



•0 EXCURSION 5-3» 

♦ 



Scientists have given a name to a data-sample graph Aat 
is high in the middle and low on the two ends. A mountfin- 
shaped curve of the sort shown in Figure 1 is said to h& i 
normal curve. 

Me^ures of most continuously vary^ig human traits, when 
graphed^ give a normal curve. Thus, if the sh^pe of a data- 
sample graph is a normal curve/thcn* the sample is consid- 
ered to- repircsent the total population. Judgments can then 
be made about the population on the basis of what is known 
about the sample. ^ 

The U190-niiember sample used by the Nielseff Cojjjdq^ 
gives a normal curve when graphed. Thus, it is judged to 
be a good representation of the total TV viewing population. 
The sample represents all kinds of households: the most 
typical hou^ejbiolds and the not so typical (Figure 2). 



lO.i 




Oiffefeqt 
kinds of 

households v 

□1. What factors would put households into the Most Typi- 
cal group? How would these factors affect TV viewing habits? 

□SL What factors can you think of that would put House- 
holds into the Unusual group? How would these factors 
affect TV viewing habits? 



Figure 2 



r 



Assume that you are the captain of a spaceship from Planet 
X of another solar system. You have come to Earth to capture 
five Earthlings. You and your hunters have never seen an 
Earthling. On a qui^t afternoon your hunting party enters^ 
a large building with a smooth wooden floor and a hooped 
n©t hanging at either end. Quickly you capture five tall crea- 
tures. » , . 

Upon returning to your spaceship, you report to Planet 
X headquaft^: "Have captured five Earthlings. All Earth- 
lings arc animals ranging in height froin 6'6" to 7'3". They 
have black skin, do very funny tricks with bouncihg spheres, 
and wear very httle clothing. On their clothing are symbols 
thjit look like this: HARLEM GLOBETROTTERS." : 
, It 'would be rather obvious to other Earthkngs^lhat your 
sample did not represent all the population of Earth. Ins'tead, 
your si^nple was taken from one end of a normal curvev , 

t 

□3. Look at Figure 3. The curve represents the height of 
humans in t^e United States in 1972. At yvhich end of the. 
cuxye woiild the basketball players be? 



TAKING A SAMPLE-- A PROBLEM 



Figure 3 




Increasing 



□4- What could you do, as captain of the spaceship, to get 
a more representative san^lc of humans to t^ike back to 
Planet X? 

In your answer to question 4, you might have suggested 
that yoii-should bring back a larger sample. By bringing back 
50 or 500 people instead of five pegple, you would increase 
the chances of collecting a girl, which would certainly alter 
..yaur .dcfinition..i^. humanii. Also, ihe. i^hances: -of^sclcpting. 
short people, whites, Indians, children, the elderly, etc., in- 
creases with the increase in the number of people captured. 

Anotl]er suggestion that you might have made is that you 
should collect hjimans from several places.in the world. This 
would_^ give you a much better chance of representing the 
wide variety among humans. 

One suggestion that you probably did not make is that 
the sample should have been a random sample. Perhaps you 
don't know what a random sample is. 



RANDOM SAMPLING 



EXCURSION 5-1 



Random sampling means "selection without bias.** Selection 
without bias in turn means that all members of a population 
have an equal chance of being selected as part of«the sample. 
A Planet X hunting team landing in Alaska would have a 
greater chance nof capturing Eskimos than of capturing 
Europeans. Therefore, such a sample would be bia;$ed ^d 
not random. • * 

Take another example. Suppose, for instance, you- wanted 
to make a histogram of people's weights. Without ^realizing 
it, you are attractea to heavier people. Because of this, you 
unconsciously select the sixteen heaviest people in your class 
as the sample to make your histogram^ This would be biased ' 
data. The skinny members of your clas\ did not have ap 
equal chance with the heavy ones of being selected as part 
of the sample representing the claiss population. 

* * < 

□5* What could you do to avoid the effect of this lincon- 
scious bias on your sample selection? . ^ 

Random sampling %nd selection is very important. This - 
procedure is used for selecting draftees into the aniled 
service. In such a case every young man should be ensured 
of having an e^ual chance of selfrction. He isA't likely to want 




to have a better chance than someone else of being selected. 

Professional samplers use many techniques m making se- 
lections and m getting representative samples. Whatever 
procedure they use to sample a population, it must include 
the following. 

' ^ complete tfescripiioh of the pbpuTation from which 

the sample is taken (kinds ,of individuals; where and 
when selected)^ ~ 

2. An appropriate sample size to give a good cross section 
of the population 

3. A randomly selected sample 

As you investigate the qi/estions raised in the problem 
breaks in Chapter 5, remember the importance of sampling. 
In each caie you will be asked to make judgments about 
populations. To make these judgments, you will have to work 
with samples of these populations. Be sure to do a good job 
of getting a representative sample. 
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PICTURE CREDITS. 

X Doufl Bates^ ^ 

14 New York Stock Exchange . , 

24 Wiltiam M. Rittase from Frederic Lewis, Inc. 

34 Frank Mascati from Erwin Kramer Photography, Inc. 

SO Harold M. Lambert frort) Fjrederic Lewis. Inc. 

\58 Cour^sy 1892 
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